Hip fractures can lead to functional disability and high mortality rates among elderly patients. The aim of this study was to investigate whether chronic obstructive pulmonary disease (COPD) is a risk factor for hip fracture. A retrospective population-based 4-year cohort study was conducted using case-control matched analysis of data from the Taiwan 
Chronic obstructive pulmonary disease (COPD) is a slow progressive disease characterized by chronic inflammation of the airways and airflow obstruction. COPD has a prevalence of 5-13% and is the fourth leading cause of death worldwide 1, 2 . COPD is one of the most prevalent causes of death in North America and by 2020 it will be the third largest disease burden worldwide 3, 4 . COPD mainly affects pulmonary function, but also affects nonrespiratory systems 5, 6 . In addition, previous studies have reported muscle strength and exercise capacity deficits among patients with COPD resulting in impairment of postural control and balance function [7] [8] [9] [10] . Hip fracture can lead to functional disability and high mortality rates in elderly people 11, 12 . To regain function in independent daily living, nearly all patients with hip fracture require surgery and approximately 50% of patients regain previous mobility 13 . In addition, approximately 25% of patients receive long-term nursing home care despite independently performing daily activities before experiencing hip fracture 14, 15 . The medical cost incurred because of hip fracture is high, and an economic burden of more than $20 billion was estimated in 1997 16 . Ninety percent hip fractures are caused by falls 17 , and fall injuries are common in patients with COPD 18 . A recent prospective observational study indicated that approximately one third of ambulatory patients with COPD had fall accidents during a 6-month follow-up period. We hypothesized that COPD is associated with hip fracture because fall injury rates are high among patients with COPD.
Falls in patients with COPD could have major complications, including mortality and morbidities such as hip fracture, potentially imposing an economic burden on health care services. Although previous studies have indicated a high fall incidence among patients with COPD, hip fracture risk has not been investigated extensively 19 .
A large-scale population-based study analyzing COPD and hip fracture risk is lacking. Moreover, hip fracture prevention is a major public health concern, and identifying hip fracture risk factors is correlated to effective fall strategy establishment. Therefore, we conducted this retrospective population-based cohort study to investigate the hip fracture risk among patients with COPD.
Methods
Study design and study population. In addition, usage histories of nonsteroidal anti-inflammatory drugs (NSAIDs) and inhalation medications, such as ipratropium bromide administered using a metered-dose inhaler (MDI); fenoterol hydrobromide administered using an MDI, terbutaline sulfate administered using a Turbuhaler, or salbutamol sulfate administered using an MDI; tiotropium administered using a HandiHaler; formoterol administered using a Turbuhaler or salmeterol administered using an MDI; and formoterol/budesonide administered using a Turbuhaler or salmeterol/fluticasone administered using an MDI, were considered.
Statistical analysis and 2-stage propensity score calibration. A Cox model was used to calculate
an up to 4-year hip fracture hazard function and evaluate the hip fracture risk between the COPD and control cohorts, after adjustment for age, sex, DM, hypertension, hyperlipidemia, stroke, autoimmune diseases (RA, SLE), and inhaled medication and NSAID use.
To adjust for missing confounders, namely smoking, alcohol use, and body mass index (BMI), in the LHID cohort, a 2-stage approach was applied. In previous studies with 2-stage designs, the method for adjusting for missing confounders involved combining samples from the main data and validating data 18, 19 . According to the inclusion criteria, we identified 350 patients with COPD in the main study (LHID cohort) and 1050 age-and sex-matched participants in the National Health Interview Survey 2005 (NHIS2005) conducted during 2004-2007 (comparison cohort). The comparison cohort had data on BMI, alcohol use, and smoking, which are crucial variables for patients with COPD that were lacking in the LHID cohort. Thus, a 2-stage propensity score matching method described by Stürmer et al. was employed to adjust for the missing high-dimensional confounders [20] [21] [22] . Let X denote an indicator variable for COPD. A value 1 is chosen for patients with COPD and 0 otherwise. Let X c be a vector of observed confounders, namely patient age, sex, hypertension, stroke, hyperlipidemia, DM, autoimmune diseases, and inhaled medication and NSAID use. Let U denote an indicator for the missing confounders, smoking, alcohol use, and BMI. The propensity score is defined by the equation PS = Pr (X = 1|X c ), and the estimated PS and hip fracture association in a Cox proportional hazard model is defined as
The propensity score
is defined as the error-prone variable and
is defined as the gold standard in the validation study. The measurement error model is
, and the regression calibration after adjustment for X c and U confounding factors estimator for the effect of X is β
. The estimated β  ⁎ is obtained after adjusting for missing confounders. Lin and Chen proposed TSC statistical methods. Unlike the aforementioned methods, the validity of the TSC method does not rely on a measurement error model 23 . We used the TSC method to estimate beta parameters and obtained results similar to those of the aforementioned process. Furthermore, hip fracture hazard curves based on time-to-event analysis (Kaplan-Meier method) for patients with COPD and the comparison cohort and hip fracture hazard curves stratified by inhaled medications usage for the COPD cohort were plotted. All data analyses were performed using the SAS statistical package (Version 9.4; SAS Institute, Cary, NC, USA). A P value of < 0.05 was considered statistically significant.
Results
The COPD cohort in the LHID comprised 16,239 patients with COPD, and the control cohort comprised 48,717 patients without COPD. A total of 350 patients with COPD and 1050 comparison participants without COPD from the NHIS were included in the validation cohort. The demographic characteristics and comorbid medical disorders of these cohorts are shown in Table 1 .
The incidence of hip fracture was 649 per 10,000 person-years and 369 per 10,000 person-years in the COPD and control cohorts, respectively. In patients with COPD, the crude hazard ratio (HR) for hip fracture occurrence was 1.78 (95% confidence interval [CI], 1.57-2.01, P < 0.001). After adjustment for age, sex, hypertension, stroke, hyperlipidemia and DM, autoimmune diseases, and inhaled medication and NSAID use, the adjusted HR was 1.59 (95% CI, 1.38-1.82, P < 0.001). After 2-stage propensity score calibration, the adjusted HR was 1.57 (95% CI, 1.36-1.81, P < 0.001) ( Table 2) . Table 3 lists the incidence and hazard ratios for hip fracture in COPD patients with inhalation medication (N = 10,362) and without inhalation medication (N = 5,877) in comparison with the control cohort (N = 48,717). The incidence of hip fracture was 717 per 10,000 person-years in the COPD and inhaled medication cohort, whereas it was 595 per 10,000 person-years in the COPD without inhaled medication cohort. The crude HR of hip fracture occurrence for patients with COPD using inhaled medication was 2.04 (95% CI, 1.72-2.41, P < 0.001), and the adjusted HR was 1.72 (95% CI, 1.45-2.04, P < 0.001). The crude HR for patients with COPD not using inhaled medication was 1.63 (95% CI, 1.40-1.89, P < 0.001), and the adjusted HR was 1.46 (95% CI, 1.25-1.69, P < 0.001). Kaplan-Meier hazard curves for hip fracture in the COPD and control cohorts over the 4-year follow-up period are shown in Fig. 1 . Log-rank test analysis revealed that the patients in the COPD cohort had higher risk (HR = 1.78, P < 0.001) than those of the patients in the non-COPD cohort (Fig. 1) . Patients with COPD using inhaled medications had higher HRs (HR = 1.25, 95% CI 1.03-1.52, P = 0.027) for hip fracture than those of patients not using inhaled medication (Fig. 2) .
Discussion
Our large-scale population-based study revealed that patients with COPD were at an increased risk of hip fracture after we controlled for other possible contributing factors. Previous studies have revealed that most hip fractures were caused by falls and that the prevalence of falls was high among patients with COPD 20 . Therefore, we hypothesized that patients with COPD are at a risk of hip fracture. The pathogenesis of hip fractures could be explained by fall mechanisms among patients with COPD.
A previous study indicated that muscle strength, balance, and gait pattern could be intrinsic factors contributing to falls [17] [18] [19] . Muscle strength reduction and balance impairment can be observed in patients with COPD 24 . Moreover, Butcher et al. observed that patients with COPD had gait deficits 9, 10 , which can be precipitating factors for hip fracture in patients with COPD. Adequate muscle strength and endurance are essential for maintaining postural stability and reducing postural sway 8 . Mathur et al. reported that patients with moderate to severe COPD had decreased muscle volume and strength and increased thigh intramuscular fat 25 . In addition to muscle strength, muscle endurance is affected by COPD. A case control study comparing the knee extensor muscle of patients with COPD and healthy participants indicated that patients with COPD showed compromised endurance and most of them could not complete the study protocol 26 . Patients with COPD had increased body sway during rest with difficulty in maintaining balance during motion of more than an arm distance 27 . Janssens et al. demonstrated that in patients with COPD, particularly those with inspiratory muscle weakness, postural instability was caused by decreased proprioception signal reliance on back muscles 8, 28 . Furthermore, gait deficit is considered a contributing factor for falls in patients with COPD. Butcher et al. demonstrated that gait speed was lower in patients with COPD compared with healthy control participants in a 6-meter walking test 29 . In addition, a previous study noted a shorter walking distance in patients with COPD 8 . However, the direct correlation of gait speed and distance with falls remains uninvestigated. Moreover, kinematic variables of gait deficits, such as gait variability among patients with COPD, remain inadequately studied, and additional studies are warranted.
Nutrition deficit and muscle mass loss are common problems in patients with COPD 28 . Hip muscles prevent blunt injury in lateral side falls. Therefore, frail patients are less protected and more vulnerable to hip fracture 30 . Table 2 . The crude and adjusted hazard ratios for hip fracture among the sample subjects during the 4-years follow-up (N = 64956).
a Adjustment for patient's age, sex, hypertension, stroke, hyperlipidemia and diabetes, Autoimmune and medications included Inhaled medications and Nsaid.
b Adjustment for patient's age, sex, hypertension, stroke, hyperlipidemia and diabetes, Autoimmune, Inhaled medications, Nsaid and missing confounders including smoking, drinking and body mass index. *P < 0.001. Furthermore, vitamin D deficiency is associated with muscle weakness and postural instability, which increase the fall risk 31 . In addition, vitamin D deficiency is associated with secondary hyperparathyroidism, which stimulates bone resorption and increases the fracture risk 32 . A previous study showed that patients with COPD had low vitamin D levels 33 . Thus, nutrition deficit could be a factor contributing to the increased hip fracture risk among patients with COPD. It is well established that smoking is an important risk factor for COPD and is associated with bone mineral density and increased fracture risk 34 . The adverse effect of smoking could explain the increased hip fracture risk for patients with COPD. Nicotine exposure reduces calcium absorption and influences bone modeling, resulting in low bone mineral density [35] [36] [37] . Therefore, smoking is a risk factor for both osteoporosis and COPD, and is a contributing factor for hip fracture among patients with COPD.
Corticosteroid use is a pathogenic factor for hip fractures among patients with COPD. It is estimated that more than 61.5% and 8.3% patients with COPD use inhaled medication and oral corticosteroids, respectively 38, 39 . A cross-sectional study on patients with severe COPD treated with glucocorticoids with adequate calcium and vitamin levels revealed a 68% prevalence of osteoporosis and osteopenia 40 . A case control study with a large sample size revealed that patients with COPD using inhaled corticosteroids had a higher fracture risk than that of patients with COPD not using inhaled corticosteroids 41 . In addition, a systematic review and meta-analysis study revealed that a high dosage of inhaled corticosteroids is associated with an increased risk of fractures, including hip fractures, among patients with COPD. In addition to osteoporosis, respiratory and peripheral muscle weakness is caused by oral corticosteroids 42 . Long-term corticosteroid use may lead to muscle weakness, which is a pathogenic factor for hip fracture among patients with COPD. Furthermore, the study results revealed that patients with COPD using inhaled medication had a higher risk of experiencing hip fracture than that of patients not using the medication. Thus, steroids may play a crucial role in increasing the hip fracture risk among patients with COPD.
This study is the first to investigate COPD as a risk factor for hip fracture. Nevertheless, it is subject to several possible limitations. First, information on daily activities, smoking habits, body weight, and nutrition status is not recorded and quantified in the NHIRD. These factors are associated with the risk of hip fracture. Although smoking and malnutrition are common in patients with COPD, these confounders cannot be controlled completely in a large population-based study using the NHIRD. Therefore, we used a 2-stage propensity score calibration method and NHIS 2005 data for eliminating the confounding bias caused by smoking, alcohol use, and BMI. Second, COPD diagnosis and medical comorbidities were determined using ICD codes from the NHRID, and no information on the accuracy of these codes is available. To reduce the bias caused by the incorrect use of codes, we included patients who received 5 consecutive diagnoses of COPD in outpatient clinics or a primary diagnosis of osteoarthritis during hospitalization to ensure the validity of COPD diagnosis. Third, the influence of socioeconomic status on the risk of hip fracture was not presented in this study. Patients with higher socioeconomic status family generally had better medical resource and safer working environment than those families from lower socioeconomic status. COPD cohort could have lower socioeconomic status and lead them at higher risk of hip fracture. For considering this potential bias cuased by different socioeconomic status among COPD and non-COPD cohorts, we adjusted variable of income in further analysis and the data of adjusted HR was 1.60 (95% CI, 1.39-1.84, P < 0.001), which did not change the outcome of this study. Finally, the COPD severity stage and detailed medication data were not recorded in the NHIRD and can influence the hip fracture risk. To eliminate these biases, we controlled for possible confounders such as age, steroid use, and comorbidities among the study and control cohorts. However the limitations of propensity score analyses cannot eliminate all confounding definitely and no detailed data of oral glucocorticoid and osteoporosis medication usage were mentioned in this study.
Conclusion
This population-based retrospective cohort study revealed that patients with COPD were at a 1.57-times greater risk of sustaining hip fracture. Several factors contribute to hip fracture risk, such as falls, steroid use, muscle weakness, gait deficit, impaired balance, smoking, and nutrition deficit. We recommend implementing an appropriate hip fracture prevention strategy in the public health field by using a multidisciplinary approach to improve the quality of care for patients with COPD. Additional studies investigating the effect of hip fracture risk factors in patients with COPD are warranted.
